Successful resection of cerebral arteriovenous malformations (AVMs)
Abstract
Successful resection of cerebral arteriovenous malformations (AVMs) involving the sensorimotor cortex was achieved in 17 cases. The theoretical basis for performing resection of AVMs in eloquent areas is the fact that the brain in and around the nidus about 1 mm in thickness is considered not to be functioning. It is also considered that any center of important function, when an AVM is involved, shifts to the near-by cortex from the original site. Nevertheless, it is critically important to recognize the cortex functioning as sensorimotor centers before and during operation. For this purpose, we have used surface anatomy scanning (SAS) in combination with magnetic resonance angiography. SAS is found to be very useful for the recognition of the topographical relationship between the surface anatomy and AVM. During operation, the motor cortex is identified with motor evoked potential.
We have found that, in some cases, the motor center has shifted to the accessory motor cortex. With these information, it is possible to start resection of the lesion from dissection of the main feeders and dissection of the nidus from a silent cortex toward the critical area. Apparent neurological improvements were achieved in 15 of 17 patients treated surgically (88%). With this result, we think that AVMs in eloquent areas can be treated successfully when the surgery is well-designed and well-oriented with the combined use of diagnostic imaging and monitoring.
As In addition, Milner and Brown and Hecaen1) pointed out in the 1970s that these functioning critical regions shift to sites free of lesions at the stage of development of the brains of children, and function in a region that is different from the anatomical location. As we found in two of the cases we examined, it was clearly demonstrated in an investigation of MEP that the motor strip had shifted to the rear of the nidus. We would therefore like to discuss the treatment of AVM at the site from the following guidelines. I. Localization of eloquent AVM With respect to determination of the location of eloquent AVM, both determination of anatomical imaging and the functioning region that governs actual function are necessary. Adequate radiological examinations are performed preoperatively to determine the anatomical location. In particular, three-dimensional imaging keeping in mind the three-dimensional relationship between the nidus, feeder, drainer, and hematoma cavity and the normal structure of the brain from MR imaging, portraying the relationship in the form of a chart prior to surgery, and then clarifying the vessels, nidus, and so forth visible from the surface of the brain are extremely useful during surgery. SAS, developed by Katada5) for directly obtaining and displaying images of brain surface structures, enable the gyrus and sulcus to be clearly depicted. In images in which stereo MR angiography are synthesized with these images, the positional relationship between the central sulcus, precentral gyrus, and postcentral gyrus can be clearly shown. On the other hand, there are also cases in which the functioning region and topographical region may occasionally be different. In actuality, as is shown in there is a gliosis zone measuring 1 mm at the border of the nidus even in AVM in the motor region, and this has been verified to be pathologically non-functional.7) Clinically, disorders of up 2 to 3 mm are thought to improve. In addition, in finding the border of the nidus, one way that is employed is to find a so-called pseudocapsule such as a hematoma cavity. As was previously mentioned, MEP in particular is considered to be extremely useful in accurately identifying the motor strip.
Nidus dissection procedure (Table 2) : In eloquent regions, it is important to perform dissection by finding the border that is as close to the safe region for that case. In the case of vessels having a diameter of 1 mm or more, it is safer to add a hemoclip such as a Weck or Echicon on coagulated vessels. In the case of smaller vessels, obtaining a sufficient distance for coagulation is important in terms of preventing postoperative bleeding. Dissection of the nidus from the brain is performed by coagulating on the AVM side from the side of the brain so as to contract the AVM. On the other hand, coagulation of small vessels remaining on the brain side, via the fragile vessels, is performed toward the brain from the side of AVM. It is important that adequate coagulation can be performed before the final vein is cut and these small vessels are resected from the side of brain, so that hematoma is not formed inside the brain. Once dissection around the nidus has been completed, dissection of the lower surface is begun. The procedure consists of reversing the AVM while leaving a single main drainer, and then finally resecting the vein. Coagulation of the small vessels which is remaining in the cavity after excision should be performed carefully. In addition, the site should be confirmed to be free from residual nidus. With respect to large AVM in particular in which autoregulation has been destroyed in preoperative SPECT, coagulation of vessels must be performed with the utmost caution . During the postoperative period barbital therapy should be administered for 1 week so that NPPB6) could be prevented.
Control of intraoperative hemorrhage: The later half of operation is the stage at which hyperemic complications such as edema and hemorrhage due to vessel rupture occur easily because the hyperemic condition around nidus shows gradual enhancement. Once hemorrhage occurs in this stage, hemostasis becomes difficult.
Intraoperative hemorrhage is briefly divided into the following two types: 1) hemorrhage from the nidus itself and 2) hemorrhage from the brain tissue surrounding the AVM.1) 1) Hemorrhage from the nidus itself: The following cases are included in this category.
i) A drainer coagulated while a feeder persists: In the early stage of excision, a drainer may be differentiated from a feeder with difficulty, because the drainer becomes a so-called red vein at this stage. As one means of differentiating arteries and veins, these vessels can be distinguished from each other by confirmation of the vasodilated side by blood flow blockage.
ii) Inadequate feeder coagulation: Feeders of at least 1 mm in diameter particularly should be transacted after adequate coagulation involving relatively long portions of the vessel, because the feeders can develop remarkable intraluminal pressures. After coagulation, secure mechanical hemostasis is conducted to prevent secondary hemorrhage from the dilated stump by means of hemoclips.
iii) Persistent reserve nidus or daughter nidus: As such a nidus may be segregated into sections by hematoma, confirmation is particularly important. iv) Inadequate intraoperative blood pressure control: Since peripheral brain tissue is in the hyperemic state in association with AVM excision, blood pressure should principally be kept low, at about 80 mmHg, during the operation. Even when blood pressure is kept low, there appears to be no risk of ischemia involving the peripheral brain tissue in many cases. tained. In treating these blood vessels, with the aim of their restoration on the cerebral side, they are coagulated so as to bring them toward the cerebral side. If a blood vessel is transected before coagulation and is thereby embedded in the brain, it is difficult to locate the cut stump. This situation frequently causes intracerebral hemorrhage. Dilated arteries that directly sustain the arterial pressure tend to be broken by routine techniques for the bipolar coagulator, because the intraluminal pressure is elevated. It is advisable that these blood vessels be transected by means of coagulation after the intraluminal pressure on the peripheral side has been reduced by temporarily placing a mini-clip or minitemporary clip on the central side of the blood vessel, thereby transiently compressing the hemorrhaging blood vessel, or by lowering the systemic blood pressure.
Conclusion
This report describes comprehensive localization methods and operative procedures employed on 17 cases of AVM located in the eloquent regions and the management of intraoperative complications.
